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(54) Method and apparatus for ordering electronic data 



(57) The present invention relates to the field of 
management of data in a computer system. The inven- 
tion proposes a new way of automatically ordering data 
and an-anging them in a data structure in a computer. 



The invention employs the distance as a measure of 
similarity between data sets. Data sets are assigned to 
a structure of clusters depending on whether they have 
a distance above or below a limiting value that is corre- 
lated with a pealc in the density of distance values. 
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Description 

[0001] The present invention generally relates to the 
field of data storage and especially to the management 
of data in a computer system in a way to make efficient 
use of the resources of the computer In particular, this 
Invention finds application in the field of databases, es- 
pecially with regard to the way a computer carries out 
search operations in databases. 
[0002] A standard problem with databases is to find 
all items relevant to a search query with the least pos- 
sible effort and in the shortest possible time. A standard 
technique is to enter one or more keywords and to 
search the database for all records comprising these 
keywords. When a large number of records is to be 
searched, this frequently means that either the number 
of answers retumed is so targe that the related records 
cannot be reviewed with a reasonable expense of labour 
and computer time or that the number of answers re- 
turned is manageable, but at the cost of having a very 
restricted query and thus an uncertainty whether all rel- 
evant records have been found. 
[0003] In order to improve on this problem, many da- 
tabases have a specific data structure wherein the data 
are "clustered" in groups, wherein each group compris- 
es those records that are related to a specific topic. One 
example are the search machines on the internet, which 
provide a plurality of search categories, like business, 
sports and so on, and sub-categories, e.g. football, ten- 
nis etc., to which the various links are assigned. Another 
example of such a clustering strategy is the clustering 
of patent documents in a database according to the in- 
ternational patent classification (IPC), where all patents 
and patent applications are assigned to one or more 
classes. The problem with this approach is that each 
record or document has to be assigned to one or more 
classes or clusters. This assignment, if done by hu- 
mans, implies a very large effort. Staying with the exam- 
ple of documents to be classified, it is in many cases 
virtually impossible to review any document in detail and 
to figure out all possible classes it may be relevant to. 
Frequently, only a cursory review is possible on the ba- 
sis of an abstract or even only the title. This means that 
documents where the relevant parts to a certain topic 
are not prima facie evident, e.g. documents where in a 
large text there are o.nly few, but highly relevant text pas- 
sages, are frequently not classified in the group to which 
they are relevant and only classified in clusters or 
groups that at first sight bear little or no relevance to the 
topic at issue. 

[0004] A further problem with conventional clustering 
structures is that they are rigid. In most cases the clus- 
tering structure is set up in advance and cannot be 
changed in the normal course of operation of the com* 
puter. in some cases this may have the consequence 
that the clustering stmcture is not really suited for deal- 
ing with certain queries, e.g. for patents touching differ- 
ent technical fields. 
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[0005] Another problem related to the present inven- 
tion is the analysis of a sequence of data for similar par- 
tial sequences. One field to which this problem is highly 
relevant is the analysis of data related to genetic se- 
s quences. 

[0006] It is the object of the present invention to pro- 
vide a method of automatically ordering electronic data 
sets by a computer in such a manner that related data 
sets can be more easily found by virtue of the order es- 

tabllshed. 

[0007] A further object is to provide a related appara- 
tus and a related computer program. As a consequence 
of said method the invention also provides a database 
that is structured according to the result of this method. 

15 Finally, it is an object of the present invention to over- 
come the disadvantages of a static classification. 
[0008] This object is accomplished by a method of au- 
tomatteally ordering a plurality of sets of electronic data 
according to similarities by means of a data processing 

20 unit, comprising the following steps to be perfonned by 
said data processing unit: 

at least for a selected group of data sets, detemnin- 
ing the distance D between any two data sets, said 
25 distance being defined as a function of a pair of two 
data sets, rendering a numerical value, said func- 
tion having a first value Dq defined for the case of a 
pair of identical data sets, the difference of the dis- 
tance D of any pair to said value Dq being defined 
30 to be either greater than or equal zero for all pairs, 
D-Dq ^ 0, or less than or equal zero for alt pairs, D- 
Do<0. 

determining the density of distance values over the 
range of detennined distance values, 
35 - detemnlning one or more limiting values, at least 
some, preferably all or ail but one of the limiting val- 
ues defining an upper boundary of a peak in said 
density of distance values, respectively, if said dif- 
ference is defined to be D-Dq ^ 0 for all pairs, and 
40 at least some, preferably all or all but one of the lim- 
iting values defining a lower boundary of a peak, if 
said difference is defined to be D-Dq < 0, said limit- 
ing values forming an increasing series in case of a 
plurality of limiting values, 
45 . creating correlation data correlating each data set 
to one or more clusters in a hierarchy of clusters, 
the number of cluster levels in said hierarchy corre- 
sponding to the number of limiting values, wherein, 

so if said difference is defined to be D-Dq ^ 0 for all pairs, 

each first level cluster in said hierarchy comprises 
those data sets related to one another in that for 
each data set the minimum pairwise distance to oth- 
55 er data sets is less than the lowest limiting value, 
each higher order cluster in said hierarchy compris- 
es data sets of a group of one or more clusters of 
tower levels, wherein, if said group comprises more 
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than one cluster, each cluster In this group forms a 
pair with another cluster in this group, wherein there 
Is at least one data set of one cluster of said pair 
having a distance from a data set of the other cluster 
of said pair which is less than that limiting value that s 
is the next higher one in said increasing series of 
limiting values to that limiting value defining clusters 
at the next lower level, 

and, if said difference is defined to be D-Dq ^ 0 for all 
pairs, 

each first level cluster in said hierarchy comprises 
those data sets related to one another in that for 
each data set the minimum pairwise distance to oth- 
er data sets is greater than the highest limiting val- 
ue, 

each higher order cluster in said hierarchy compris- 
es data sets of a group of one or more clusters of 
lower levels, wherein, if said group comprises more 
than one cluster, each cluster In this group fonns a 
pair with another cluster in this group, wherein there 
is at least one data set of one cluster of said pair 
having a distance from a data set of the other cluster 
of said pair which is greater than that limiting value 
that is the next lower one in said increasing series 
of limiting values to that limiting value defining clus- 
ters at the next lower level. 

[0009] The inventio n may provide that the step of cre- 
ating correlation data is perfomied according to one or 
more of the following rules: 

if said difference is defined to be D-Dq ^ 0 for all pairs, 

each first level cluster in said hierarchy comprises 
at least one data set to which all other data sets of 
said cluster have a distance less than the lowest 
limiting value, 

each second level cluster in said hierarchy compris- 
es at least one data set to which all other data sets 
of said cluster have a distance less than the second 
lowest limiting value, 

each higher order cluster in said hierarchy compris- 
es at least one data set to which all other data sets 
• of said cluster have a distance which Is less than 
that limiting value that is the next higher one in said 
increasing series of limiting values to that limiting 
value defining clusters at the next lower level, 

and, if said difference is defined to be D-Dq ^ 0 for all 
pairs, 

each first level cluster in said hierarchy comprises 
at least one data set to which all other data sets of 
said cluster have a distance greater than the high- 
est limiting value, 

each second level cluster in said hierarchy compris- 
es at least one data set to which all other data sets 



of said cluster have a distance greater than the sec- 
ond highest limiting value, 
each higher order cluster in said hierarchy compris- 
es at least one data set to which all other data sets 
of said cluster have a distance which is greater than 
that limiting value that is the next lower one in said 
increasing series of limiting values to that limiting 
value defining clusters at the next lower level. 

[0010] It should be noted that the above-mentioned 
criteria for assigning data sets to clusters do not neces- 
sarily imply that there are two, three or more cluster lev- 
els, but merely define assignment criteria for the case 
such levels exist. It should also be noted that a cluster 
may consist of one single element, which is the case if 
there is no other data set having a distance to this data 
set above or below the relevant limiting value, respec- 
tively. If not indicated otherwise, the distance is sup- 
posed to be positive subsequently. 
[0011] Whereas the above-mentioned criteria of a 
minimum painwise distance for data sets of a first level 
cluster (for positive distances, 0 > Oq) alone leads to 
reasonable results in many instances, e.g. when deter- 
mining metabolic functions based on relaxation times, it 
allows a cluster to comprise data sets which have a dis- 
tance that is, in tenns of its absolute value, greater than 
the relevant threshold. For some embodiments, the in- 
vention may provide more stringent criteria in that for 
each data set in the cluster the value of a global or ag- 
gregate function of the distance to other data sets is less 
(or higher, respectively) than the respective limiting val- 
ue or, given the case, the value of said function applied 
to this limiting value. Such aggregate functions espe- 
cially comprise the mean pairwise distance of the data 
set to all other data sets in the cluster which may be the 
arithmetic mean distance, the geometric mean distance 
or mean distance defined in another way. A further ex- 
ample of such an aggregate function is a median dis- 
tance of a data set to all other data sets, i.e. the distance 
separating the lower 60% of the distance values from 
the remaining 50%, the latter lying above this value. One 
may also think of generalising this concept by choosing 
that distance value as the value of the respective func- 
tion, below which a certain percentage, e.g. 40% or 60% 
of the distance values lie. Still another possible aggre- 
gate function is the modal distance, i.e. the distance oc- 
cumng most frequently or, more generalised, the aver- 
age of the distances in an interval of predetermined 
length comprising most of the distance values. 
[0012] For example, if the maximum of the absolute 
value of the painwise distance is chosen as the selection 
criterion, the invention provides that each cluster con- 
sists of those data sets that have a distance from each 
other that is always less than the respective limiting val- 
• ue in case of O-Dq ^ 0 and greater than the respective 
limiting value In case of D-Dq £ 0, respectively. Thus for 
any pairs of data sets the distance between the data sets 
of this pair is not larger or lower, respectively, than the 
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respective limiting value. This assignment may lead to 
the same data set belonging to different first level clus- 
ters. For example, if data sets B and C each have a dis- 
tance from a data set A that is less than the respective 
limiting value (considering the distance to be defined as 
positive), this does not necessarily mean that B and C 
have a distance from each other that is less than the 
respective limiting value, if this is not the case, there 
may be two clusters comprising data set A on the first 
level, namely a first cluster comprising the pair (A, B) 
and a second cluster comprising the pair (A, C). 
[0013] Still another clustering strategy may provide 
that each cluster consists of data sets that have a dis- 
tance less (or higher) than the respective limiting value 
with regard to one or more selected reference data sets. 
These reference data sets may be selected randomly or 
be determined by a user. The latter case is especially 
useful, if the user has already found a record that he 
considers as particularly relevant and now wishes to find 
similar data records. In this case, he will specify this 
record as the reference data set and have the computer 
perfomn the method according to the invention to come 
back with a hierarchy where one or more, preferably all 
clusters containing this reference data set are defined 
through the distance the elements of the clusters have 
from this reference data set. 

[0014] For the two last-mentioned clustering criteria, 
each first level cluster will consist of all data sets which 
have a distance from each other or from one or more 
reference data sets such that the absolute value of the 
difference of said distance to the distance for a pair of 
identical data sets, IO-DqI, is less than a given lowest 
boundary. This means that the most similar data sets 
are combined in one lowest level cluster. If the clusters 
are defined by one or more reference data sets, the dus- 
ter comprises all data sets that are closest to identity 
and thus most similar to said reference data sets. If the 
requirement is that all data sets in said cluster have a 
distance from each other less (or greater) than the re- 
spective limiting value, each cluster at the first level 
comprises the data sets that are most similar to each 
other, taken as a group. For example if the data sets are 
documents, a document may be relevant to different 
fields and thus have a distance less than the respective 
limiting value with regard to documents in the first field 
as well as to documents in the second field. In this case, 
the method will retum two first level clusters containing 
this document, wherein each of these two clusters may 
be considered to relate to specific technical field. This 
overcomes some of the problems of a static classifica- 
tion. , 

[0015] As to clustering criteria for higher levels, the 
invention may provide that the same clustering criteria 
apply as for the first level clusters, especially that for any 
data set contained In said higher level cluster the mini- 
mum absolute value of the pairwise distance or an ag- 
gregate function of the distances of this data set to other 
data sets, such as the maximum absolute value of the 



distance, the mean distance or the like, is less (or higher, 
respectively) than the respective limiting value for this 
level. 

[0016] For example, the higher order clusters may be 

5 defined by assigning all elements of two clusters at low- 
er levels to said higher order cluster that comprise data 
sets having a distance less than (or greater than, in case 
of D-Dq ^ 0) the respective limiting value from each other 
or a reference data set which may be given or selected 

10 randomly. Another possibility is to define each higher or- 
der cluster by assigning all data sets to this cluster that 
have a distance from each other or one or more refer- 
ence data sets that is less (or greater, respectively) than 
the respective limiting value. 

15 [0017] The invention may, however, also provide that 
the relevant criterion is that the distance of the lower 
level clusters, the elements of which are to be comprised 
In the higher level cluster, is less (or higher) than the 
respective limiting value. A distance of clusters may be 

20 defined in any suitable manner, e.g. as the minimum dis- 
tance for two data sets taken from the two clusters to be 
compared, or, similar to the clustering strategies dis- 
cussed above for the first level, the maximum distance 
for a pair of data sets taken from the two clusters, the 

25 mean distance for such pairs or another aggregate func- 
tion, as discussed previously. Likewise, similar to what 
was discussed for the first level clustering strategy, a 
reference cluster may be picked out and the elements 
of the higher level cluster may be determined as the ei- 

30 ements of those clusters that have a distance less (or 
higher) than the respective limiting value with regard to 
the reference cluster. Using this approach, single data 
sets at a lower level are treated as a cluster consisting 
of one element. As a further alternative, the method of 

35 the invention may provide that for the assignment of da- 
ta sets to higher level clusters by assignment of an entire 
cluster, the tower level clusters are represented by a sin- 
gle surrogate data set created for that purpose and in- 
corporating information from the aggregate of its mem- 

40 bers. Thus, for example in the case that the data sets 
con'espond to documents, a single surrogate document 
may be created for a cluster either by concatenating the 
text of all documents in the cluster, by listing the unique 
terms within all documents in the cluster, by listing the 

45 terms within those documents which most distinguish 
those documents from documents not in the cluster, and 
so forth. 

[0018] The invention may provide that different clus- 
tering criteria are applied to different cluster levels, al- 
so though in the prefen-ed embodiment the criteria are 
identical for all cluster levels at a level higher than the 
lowest one. If a mean, median or modal distance is im- 
plied, the result of clustering may be sensitive to the or- 
der of considering the items to be clustered. The addi- 
55 tion of a given item before consideration of another may 
cause It to be either excluded or included, whereas 
when exchanging the order of considering the two itenns 
would have resulted in the opposite decision and a dif- 
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ferent cluster. This sensitivity to order can be avoided 
by applying resampling strategies like subsampllng, es- 
pecially bootstrap sampling. One may also analyze the 
stability of a cluster structure by repeating the process 
with a random selection of items omitted. Another ap- 
proach may be a Monte Carlo Technique, wherein ran- 
dom orders are tried and the cluster or cluster staicture 
having a probability of occunrence greaterthan a certain 
limit, e.g. 40%, is chosen. 

[0019] Usually, each level except the highest one cor* 

responds to a peak in the density of distances. The hi- 
erarchy may be defined to comprise only one cluster at 
the highest level which is identical to the totality of data 
sets considered. In this case the highest limiting value 
(in case of a positive distance) is either infinity or a 
number greater than the largest distance between any 
two data sets. One may, of course, define the hierarchy 
in such a manner that there is more than one cluster at 
the highest level, which may be sensible if clusters are 
allowed to be linked to more than one cluster at a higher 
level. 

[0020] The hierarchy established according to the 
method of the invention may be a sub-hierarchy of a 
larger hierarchy, i.e. levels above a certain hierarchy lev- 
el are detemiined by different criteria. Likewise, a cer- 
tain limiting value may not be determined as a boundary 
to a peak, e.g. in case of the highest limiting value. It 
may also be considered to add additional sub-levels be- 
tween two levels of the cluster hierarchy determined ac- 
cording to the preceding rules. These sub-levels may 
be determined according to different criteria. This may 
be viewed as a sub-structure for a cluster determined 
according to the present invention . But even in this case 
there will still be a hierarchy of cluster levels determined 
on the basis of the distance, as set out previously. 
[0021 ] The invention may provide that the correlation 
data comprise data conrelating one or more clusters of 
a lower level to a cluster of a higher level. Thus, instead 
of having individual correlation data for each data set, 
collective con-elation data correlating an entire lower 
level cluster to a higher level cluster are provided by way 
of a pointer or the like, the allocation of Individual data 
sets to said lower level cluster being detemnined by the 
respective correlation data for that cluster. 
[0022] Alternatively or In addition the invention may 
provide that the correlation data comprise data correlat- 
ing at least one data set and/or one cluster to a cluster 
at a level higher than the next higher level. 
[0023] The invention may provide that said data cor- 
relating the data sets to clusters comprise: 

- data correlating each data set to a first level cluster, 
- - data correlating each cluster at a level less than the 
highest level to one cluster or a plurality of clusters 
at a higher level. 

[0024] The invention may also provide that said data 
correlating the data sets to clusters comprise: 



data con-elating each data set to one or more clus- 
ters at any level, 

data correlating each cluster at a leyel less than the 
highest level to one cluster or a plurality of clusters 
s at a higher level. 

[0025] The correlation data created according to the 
present invention may be used in different manners. 
They can fonn the'basis of a data base or a data stmc- 
10 ture In the processing unit, they may be displayed or oth- 
erwise output to an output device or communicated to 
another system. 

[0026] A method according to the invention may com- 
prise the step of controlling a display device on the basis 

IS of said correlation data to create a graphic symbolic dis- 
play of clusters at one or more levels. 
[0027] In this embodiment the method according to 
the invention may comprise the step of selecting a clus- 
ter in said display by input through interaction means 

20 and executing one or more of the following steps in re- 
sponse to input through the interaction means: 

elements of the selected cluster at one or more low- 
er levels are displayed, 
25 elements of a higher level cluster comprising said 
selected cluster, especially a next higher level clus- 
ter, are displayed. 

[0028] The method may also comprise the step of cre- 
30 ating a directory structure on the basis of said correlation 
data, each cluster corresponding to a directory and each 
cluster level to a directory level. 
[0029] In this embodiment it may be provided that said 
data sets are stored as files of directories at the lowest 
35 directory level. 

[0030] The method according to the invention may 
comprise the step of creating a database from said data 
sets and said correlation data, the data model of said 
data base being defined by said hierarchy of clusters. 
40 [0031] The invention may provide that the data base 
is a relational data base, wherein the keys are defined 
by cluster names and the values are defined by the 
name of the parent cluster. 

[0032] The invention may also provide that the data 
45 base is an object oriented data base, wherein the keys 
are defined by cluster names and the values are defined 
by the name of the parent directory. 
[0033] In said object oriented data base, further val- 
ues may be defined by a set of cluster names corre- 
50 spending to sub-clusters within a cluster. 

[0034] Instead of establishing the cluster structure on 
the basis of all data sets, the invention may provide that 
a group of data sets is selected randomly and said lim- 
iting values are detennined on the basis of said selected 
55 group of data sets. 

[0035] The invention may provide that a group of data 
sets comprising one or more predetemnined data ele- 
ments is selected and said limiting values are deter- 
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mined on the basis of said selected group of data sets. 
[0036] According to an ennbodinnent of the invention, 
the total range of distance values Is completely parti- 
tioned into a sequence of distance intervals and said 
density of distance-values is determined as the number 
or nomnalized number of distance values in each dis- 
tance inten^al, the nomialized number being defined as 
the number of distance values per unit distance interval. 
[0037] The invention may provide that a plurality of 
partitionings of said total range of distances with in- 
creasing interval size is established and said density is 
established for each of said partitioning. 
[0038] The invention may further provide that prelim- 
inary limiting values are detemiined for each partitioning 
and optimized limiting values are obtained by averaging 
or fitting said preliminary limiting values, wherein said 
correlation data are established on the basis of said op- 
timized limiting values. 

[0039] It may furthermore be provided that a distribu- 
tion of distance density values is established from said 
partitioning and said limiting values are determined from 

said distribution. 

[0040] The invention may provide that an average of 
the distance density is fonned for a plurality of distance 
values and said limiting values are detemriined from said 
averaged density. 

[0041 ] The method may provide that one or more lim- 
iting values are detennlned as a minimum or zero point 
of the density adjacent to a maximum of said density. 
[0042] Said density may also be the above-mentioned 
average density. 

[0043] According to an embodiment a curve is fitted 
to density values and one or more limiting values are 
determined as the point of a minimum or zero adjacent 
to a maximum of said curve. 

[0044] Especially, said curve may be fitted to a distri- 
bution of density values. 

[0045] Where a distribution of density values is estab- 
lished, the invention may provide that said curve is fitted 
to said distribution such that it is within the standard de- 
viation of each density value. 

[0046] According to a preferred embodinrient of the in- 
vention, the number of limiting values and thus the 
number of cluster levels is dependant on the number of 
peaks of either the density or the curve that is fitted to 
a density function or a density distribution. According to 
a specific embodiment, the number of cluster levels is 
equal to the number of peaks or to the number of peaks 
plus one. 

[0047] The invention may, however, also provide that 
the number of cluster levels does not exceed a certain 
number. If the peaks of said function render a number 
of levels that is less than a predetermined maximum 
number, this number is chosen as the number of levels, 
whereas, if this number exceeds the predetermined 
maximum number, a hierarchy with this predetermined 
maximum number of levels is chosen. Especially, the 
invention may provide that only such curves are used 



for fitting the density function or the density distribution 
that only render a maximum predetemnined number of 
peaks or that such fits are rejected which render a 
number of peaks greater than a predetemnined maxi- 
5 mum number 

[0048] The invention may provide that said curve is a 
polynomial or a trigonometric function or a function of 
trigonometric functions. 

[0049] In one embodiment of the invention said data 
'0 sets comprise text data and said distance is a function 
of the number of common words. 
[0050] In one embodiment of the invention said data 
sets comprise genetic information and said distance is 
a function of the data elements at a certain position in 
15 two sequences or partial sequences. This function may 
especially depend on the number of Identical data ele- 
ments succeeding one another in two partial sequences 
in said data sets. 

[0051] The invention also provides a database obtain- 
able by a method as described above. It also provides 
for a computer readable medium wherein this database 
is embodied, especially stored thereon. 
[0052] The invention also provides a computer pro- 
gram adapted to perfomn all steps of a method as pre- 
viously described, especially such a computer program 
embodied In a computer readable medium. 
[0053] The invention also provides an apparatus for 
automaticaily ordering a plurality of sets of electronic da- 
ta according to their similarities, comprising data 
processing means-perfomiing the steps of a method as 
previously described. 

[0054] The apparatus may comprise a display device 
and said data processing means controls said display 
device according to a respective method set out above. 
[0055] The invention may also provide that it compris- 
es data storage means for storing said data sets in a 
directory structure, said directory structure being obtain- 
able according to a method as previously described. 
[0056] The invention also provides a method of oper- 
ating an apparatus for searching and/or ordering data 
sets, said apparatus containing or being capable of ob- 
taining conrelation data obtainable according to a meth- 
od as previously described, characterized by the follow- 
ing steps: 

inputting data elements, 

selecting data sets comprising these data ele- 
riients, 

selecting a cluster at one, especiailythe lowest level 
in said hierarchy, 

whereupon said apparatus outputs data related to the 
elements of said selected cluster. 
[0057] The invention may provide that the apparatus, 
having outputted data related to the elements of said 
selected cluster outputs data related to the elements of 
the next higher order cluster comprising said selected 
cluster and not contained in said selected cluster. 
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[0058] This procedure maybe repeated in that the ap- 
paratus, having outputted data related to the elements 
of a first cluster, outputs data related to the elements of 
the next higher order cluster comprising said first cluster 
and not contained in said first cluster. 
[0059] Said selected lowest level cluster may be se- 
lected by specifying one or more data sets to be con- 
tained in said cluster. 

[0060] The invention may especially provide that said 
apparatus outputs the data related to said data sets in 
an order such that data related to elements of a lower 
level cluster are output prior to data related to elements 
of a higher order cluster or clusters. 
[0061 ] According to one embodiment the data related 
to the elements of a cluster are the data sets that fomri 
said elements. 

[0062] The invention may provide that the data related 
to the elements of a cluster fomri a list of the data sets 

forming said elements. 

[0063] The invention may also provide that said ap- 
paratus proceeds with outputting data related to ele- 
ments of at least one higher order cluster only upon a 
related input by a user. 

[0064] According to a preferred embodiment of the in- 
vention, the limiting values are chosen such that each 
limiting value separates two peaks of the distance den- 
sity or, if there is no further peak, puts an upper limit to 
the peak. However, one may also contemplate embod- 
iments where some of the limiting values are estab- 
lished by other criteria so that one or more pairs of ad- 
jacent limiting values do not enclose a peak. This may 
be appropriate in cases where there is no pronounced 
peak structure. Likewise, in cases with tiny peaks, it may 
be appropriate to have a pair of limiting values enclose 
two or more peaks. In any case, one will usually have 
at least one or two, preferably three to five pairs of lim- 
iting values that will enclose one or more peaks, of 
course also depending on the number of cluster levels 
that are desired. 

[0065] One will usually chose the limiting values such 
that they are close or equal to the point where the actual 
distance density approaches a zero for the first time af- 
ter the peak or, if there is no zero, a pronounced mini- 
mum. It may, however, be appropriate to shift this limit- 
ing value back or forth in order to assign certain pairs of 
data sets to a lower level cluster orto a higher level dus- 
ter. This may, for example, be appropriate in cases 
where there is a small local maximum super-imposed to 
the minimum of a larger peak structure. 
[0066] In the present context, a data set may be any 
well defined sequence of bits or bytes that can be ac- 
cessed by a data reading device. Especially, it may be 
a directly accessible data unit or a partial sequence In 
a sequence of data. For example, it may be a file or a 
record. The data sets will usually comprise several ele- 
ments, which may in tum be a sequence of bits and 
bytes, such as data words or, in a text file, words of a 
written text. As the data sets may be of varying length, 



it may occur in some cases that among the data sets 
there are some which comprise only one of said data 
elements. 

[0067] The method according to the Invention auto- 

5 nnatically orders the data sets according to a function of 
the data elements called distance. 
[0068] The temn "distance" is primarily to be under- 
stood in a mathematical sense, I.e. It is a symmetric or 
asymmetric function which assigns a numerical value D 

10 to two data sets which is either above the value for two 
identical data sets, Dq, for ail pairs of data sets or below 
said value Dq for all pairs of data sets. It may conform 
to the strict mathematical definition of a distance of hav- 
ing the value of zero for identical arguments (i.e. identi- 

15 cal data sets), but this value may, of course, be shifted, 
because in the context of the present Invention it is only 
the order established by the distances on the data sets 
that matters and not the numerical value of the distance. 
Although one will usually choose the distance to be pos- 

20 itive, one could also imagine the use of a negative dis- 
tance simply by replacing D by a negative value D' = -D. 
Subsequently, the distance will always be presumed to 
be positive, unless explicitly noted. 
[0069] The invention may provide that the distance is 

25 defined as a function depending on the data elements 
of the data sets fomning said pair Especially, it might be 
a function depending on the common data elements. 
This definition of the distance is especially useful for text 
files, where the arguments of the function defining the 

30 distance are words of a written text. 

[0070] In the context of the present Invention, a pre- 
ferred distance measure is a function related to the 
number of common data elements. This function is usu- 
ally defined in such a manner that identical data sets 

35 have a distance zero and the distance becomes the 
greater, the less identical data elements there are, the 
maximum distance being defined by a maximum value 
or by Infinity. 

[0071] For example, if the data sets are documents or 
40 text files, the distance may be defined as depending on 
the number of words in said text. Considering two text 
files A and B Just as a mathematical set of words, the 
distance D may be defined as 



45 



\AuB\ 
\AuB\ 



(1) 



wherein II denotes the number of elements in a set. This 
distance is known as the Tanimoto distance. If the two 

50 documents are identical, the distance is one. if there are 
no common words in the file (which will be rare in a text 
file), the distance is infinity. If the two text files are dif- 
ferent and comprise different words, the distance will be 
* something between one and infinity. It should be noted 

55 that even in case document A is entirely contained In 
document B, the distance will nevertheless not be one, 
but rather be 
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[0072] Staying'with the example of text files, it should 
be noted that the distance defined by (1) does not rely 
on the meaning or similarities in content. Rather, the 
method of the present invention using this distance me- 
chanically checks all data elements which represent 
words of a written text whether they are identical or not. 
In principle, documents which are completely unrelated 
in their contents may be assigned a distance less than 
infinity, simply because in any text there is a certain 
number of common words, like "and", "if" and so on. One 
may choose to disregard such words when evaluating 
the distance. 

[0073] It is not required that the distance between two 
data sets be symmetric. In the example above, in which 
document A is entirety contained in document B, one 
may wish to indicate the relative closeness of A to B by 
defining a distance: 



such that the distance from A to B (In this case) is much 
less than the distance from B to A. 
[0074] I n real life, in any two texts relating to a specific 
topic, there will be keywords which are unique for that 
topic. A certain combination of such unique keywords 
will be rather specific for a certain topic. Text files having 
this combination of keywords will have a smaller dis- 
tance than text files which do not comprise this combi- 
nation of keywords so that text files relating to the same 
topic can be recognized by having a distance below a 
certain level. It is, however, one of the beauties of the 
present invention that a user or programmer does not 
have to know what the relevant keywords are for a cer- 
tain topic or to Identify these keywords in the text. The 
mere fact that In two documents related to the same top- 
ic there is a number of common specific keywords will 
reduce the distance between these two documents. 
Thus, two text files are likely to be more closely related 
in content, the smaller the distance is. A refinement of 
the method of the present invention may provide that 
certain non-specific words like "if, "when", "and" and so 
on are not taken into account when calculating the dis- 
tance, thus enhancing the impact of specific keywords 
on the distance. A further refinement of the method may 
provide that the frequencies of the data set elements (or 
words, in the case of documents) may be taken into ac- 
count in calculating the distance, instead of their simple 
presence or absence, such that data sets in which ele- 
ments tend to occur in similar frequencies are defined 
as being closer than those in which the same elements 
occur in dissimilar frequencies. 
[0075] Another distance measure for evaluating sim- 
ilarities between two data strings is the so-called Ham- 
ming distance for ordered sets of equal length. Basically, 



the Hamming distance assigns a zero to any position 
where the data elements are identical and a one where 
the data elements are not identical and the distance is 
defined as the sum of these values over all positions. 

5 [0076] For example, if the data elements to be com- 
pared are letters, the words "pattern" and "western" 
have a distance of three, because the first three letters 
are different and the last four letters are identical. It 
should be noted that the elements to be compared need 

10 not be letters, but could also be words or syllables or, 
going In the opposite direction, be bits or bytes. For ex- 
ample, if the elements to be compared are words, the 
sentences "the weather is fine" and "the grass is green" 
have a distance of two, because the first and third words 

'5 are identical and the second and fourth words are dif- 
ferent. Of course, the Hamming distance may be ex- 
tended to cover also strings of different length by as- 
signing a value of one to all positions of the longer string 
that do not have a matching position in the shorter string. 

20 The Hamming distance is suitable for cases where the 
order of the data elements matters, e. g. if the data sets 
comprise genetic sequences. If the order is not Impor- 
tant, other distance measures are preferred. It should, 
however, be noted that the application of the Hamming 

25 distance is not restricted to sequences of data elements. 
It may also be defined on sets, i.e. collections of ele- 
ments which appear to be unordered, when an order is 
explicitly or implk^itly defined on the sets. For example, 
an order that might be implicit to the set Is the alphabet- 

30 leal order in a sets of words, although the sequence of 
words In a representation of the set, if written down, 
need not be alphabetical. 

[0077] Another family of distances applicable to a 
wide variety of data types is known as the edit distance, 

35 and Is defined (for each such data type as appropriate) 
as the minimal number of changes required totransfonn 
one data set into the other. For genetic sequences, this 
con-esponds to the minimum number of insertions, de- 
letions, and replacements required to change one se- 

40 quence to another. For text documents, it is the number 
(and perhaps the length) of text insertions, deletions, re- 
placements, and movements required. For mathemati- 
cal stnjctures such as trees or graphs, it is the number 
of nodes to be deleted and added plus the number of 

45 edges to be deleted, added, or moved. Each of these 
edit types (add, delete, replace, move, etc.) can further- 
more be weighted so as to Increase or decrease its con- 
tribution In calculating the distance. 
[0078] The above-mentioned examples show that it 

50 depends on the specific application what is chosen as 
the data elements that fomn the basis for the distance 
measure. In most cases, these data elements wilt not 
be identical to individual bits, but rather fonm data se- 
quence of a plurality of bits or even of a number of sub- ' 

55 sequences. 

[0079] It should be understood that the present inven- 
tion is not restricted to a specific definition of the dis- 
tance. Apart from the examples set out above, other def- 
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initions of the distance can be used, such as those dis- 
cussed In T. Kohonen, Self-Organisation and Associa- 
tive Memory, (1988). The distance may not be related 
to words, but to different data elements. For example, a 
distance measure to be applied in genetics is discussed s 
In L. Cavalli-Sforza, P Menozzi, A. PInzza, History and 
Geography of Human genes, (1994). 
[0080] The distance is also not necessarily exclusive- 
ly related to common data elements. Again returning to 
the example of text files, synonyms may be treated as 
identical words. Likewise, in order to account for the in- 
flection especially in the Qemnan language, words hav- 
ing the same root may be treated as identical. Going 
even further, one could imagine an application of the in- 
vention to text files in different languages where words 
meaning the same in different languages are treated like 
identical words of two documents in the same language. 
For example, staying with the example of the Hamming 
distance, one can define an extended Hamming dis- 
tance by assigning the value of zero to the pairs (the, 
das), (weather, Wetter), (is, ist), (fine, schon) so that the 
distance both of 'The weather is fine" and "Das Wetter 
ist schon" is the same from the sentence "The grass is 
green". On the other hand, the two sentences "The 
weather is fine" and "Das Wetter ist schdn" will have a 
distance of zero. Again, the invention does not depend 
on somebody recognizing that these last-mentioned 
sentences mean the same in two different languages. 
Rather, the invention merely employs predetemriined 
functional relations between data elements. It should be 
understood that any of these exceptions or extended re- 
lations are comprised in the definition of the distance, 
which is predetemnlned. 

[0081 ] The concept of a distance of data sets is used 
according to the invention to create a data structure. 
Surprisingly, it was found that in many cases the fre- 
quency with which a certain distance value occurs, 
shows peaks and valleys or zeros. According to the in- 
vention, these valleys or zeros are used to classify the •■ 
data sets in a hierarchical structure. Taking again the 
example of text files or documents, those files having a 
small distance may be considered to be more closely 
related to each other 

[0082] One strategy of assigning data sets to clusters 
may be as follows. Starting from one selected file, all 
files including this file that have a minimum pairwise dis- 
tance that is less than the first valley are assigned to a 
first cluster at the lowest level. From the remaining files, 
another file is picked out and all files having a distance 
less than the value of the first valley from this file are 
assigned to a second cluster at the lowest level and so 
on. 

[0083] In the preferred embodiment, rather than se- 
lecting items and assigning them to clusters one by one 
at each level, a graph is constructed with data items as 
the vertices and interitem distances as the edges; to 
cluster the items, all edges with lengths bounded by the . 
limiting value are used to extract a partial subgraph; the 



partial subgraph is partitioned into connected compo- 
nents, each of which corresponds to a cluster at that lev- 
el. Extracting a partial subgraph can be effected by re- 
moving all edges with lengths greater than the limiting 
value, resulting in some graph portions becoming dis- 
connected. One will readily understand that in order to 
get a connected subgraph it is sufficient that there is at 
least one edge of a vertex to another vertex having a 
length less than the limiting value so that this graphical 
procedure corresponds to the requirement of the mini- 
mum pairwise distance being less than the limiting val- 
ue. 

[0084] Other clustering strategies may be embodied 
in a similar manner For example, if the requirement is 
that the maximum painvise distance is less than the lim- 
iting value, the invention may provide that after having 
determined all files having a distance less than the first 
valley from a selected file, all files are checked whether 
they have a distance from all other files thus selected 
which is less than the value of the first valley. Files that 
do not fulfil this criterion are removed from .the cluster 
so that the cluster eventually consists only of files where 
any pair of files has a distance less thari the value of the 
first valley. Thereafter, one of the files removed.from the 
cluster is selected as a new reference file for establish- 
ing the next cluster and the process is repeated to create 
the next cluster. It should be noted that this next cluster 
may comprise files of thef Irst cluster as well, i. e. all files 
are considered to establish this second cluster. There- 
after, another file is selected and so on and the process 
is repeated until there is for any pair of files having a 
distance less than that of the first valley one cluster con- 
taining this pair. 

[0085] In the preferred embodiment using the graph- 
ical approach, to cluster the items at a given level with 
the requirement of the maximum painwise distance be- 
ing less than a given value, ail edges with lengths less 
than that level's upper bound are used to extract a partial 
subgraph; the partial subgraph is then searched for 
cliques in which every item is directly connected to every 
other. Components /Which are connected, but not com- 
pletely connected will thus be excluded as clusters from 
that level, since the connections which complete the 
clique will necessarily be found only at higher levels with 
greater distances. 

[0086] In case the clustering strategy allows the as- 
signment of a data set to multiple clusters, according to 
one embodiment the assignment may be carried out in 
two stages. In the first stage, the more stringent criterion 
is applied (e.g., that no interitem distance exceeds the 
upper boundary of the level) in order to generate a set 
of clusters which are characterized by high homogene- 
ity. In the second stage, the less stringent criterion is 
applied (e.g., that at least one distance is less than the 
upper boundary), and data sets meeting this criterion 
are assigned to every cluster for which it is met. 
[0087] In order to create a group or cluster at the next 
higher level, the next higher valley in the density or fre- 
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quency of distances Is determined. There are several 
possibilities to assign elements to this higher order dus- 
ter, as previously described. One specific method is to 
pick out one file from one cluster at the lowest level and 
to check all clusters at the lowest level whether they s 
comprise data files that have a distance less than the 
value of the second valley and then assign the elements 
of all such clusters to this second level cluster. For ex- 
ample, a link from the second level cluster may be es- 
tablished to the first level clusters. Another way Is to pro- 
ceed essentially in the same way as for the first level, e. 
g. to pick out one file and to establish which other files 
have a distance less than the value of the second valley 
and to assign all such files to the second level cluster. 
When doing so, it may occur that, starting from one spe- 
cific file of one first level cluster, there may be files In 
another first level cluster that have a distance less than 
the value of said second value, whereas other files in 
the same cluster have a distance value that is higher 
than the value of the second valley. In one alternative, 
one may accept that the second level cluster will com- 
prise files which partly have a distance higher than the 
limiting value. Alternatively, one will split said first level 
cluster into two first level clusters which wilt be assigned 
to different second level clusters or assign this first level 
cluster to two different second level clusters. This may, 
however, lead to a complk;ated clustering structure. 
[0088] In the preferred graphical approach, one may 
proceed as described for the first level cluster, I.e. re- 
move all edges that have a length greater than the re- 
spective limiting value. In another example, one may 
proceed by selecting one vertex as a reference vertex 
and removing all edges originating from this vertex and 
having a length that is greater than the respective limit- 
ing value. 

[0089] The preferred approach is to assign only whole 
clusters to higher level clusters, I.e. all elements of a 
lower level cluster assigned to a higher level cluster are 
automatically elements of this higher level cluster. In or- 
der to do so, one has to define a suitable distance be- 
tween clusters, as described previously, e.g. in the 
sense that the distance is the smallest distance between 
two elements of the two clusters. Of course, the distance 
defined in this manner is to be chosen such that it simul- 
taneously defines also some implication for the distanc- 
es of the elements that iform the clusters. Having re- 
placed the individual files by entire clusters and having 
defined a suitable distance between the clusters, one 
may proceed for establishing a cluster at a higher level 
as previously described with regard to setting up clus- 
ters at the lowest level, the clusters taking the place of 
the Individual files In the previous example. 
[0090] Graphically one may proceed by replacing the 
individual vertices of the first level by new vertices rep- 
resenting clusters and redrawing the edges between 
these new verttees on the basis of the distance defined 
between the two clusters. Altematively, one may stay 
with the original graph where vertices represent individ- 



ual files and remove all edges that are greater than the 
limiting value for this level or less than limiting value for 
the next lower level. A lower level cluster may be attrib- 
uted to a higher level cluster, if there is at least one re- 
maining edge leading to an element or vertex related to 
another lower level cluster or if the vertices of one lower 
level cluster are entirely connected to vertices of another 
lower level cluster, meaning that any edge between el- 
ement of two different clusters is between the above- 
mentioned two limiting values, to name two examples. 
[0091] The invention automatically provides a classi- 
fication of data files, which ean be done on the spot, 
especially in connection with a specific search topk;. For 
example, a person using an apparatus or a database 
according to the present invention may input certain 
very general keywords which lead to a large, but man- 
ageable number of hits. Subsequently, the computer will 
order these files in a clustering structure according to 
the invention. Picking out one record as a reference 
record that was found to be particularly relevant, the 
computer can tell the searcher which records are likely 
to be equally relevant, namely those records that are in 
the same cluster at the lowest level. If the user is not 
satisfied with those files contained in the first level clus- 
ter containing the reference file, the computer is further 
able to tell the user that there is a number of further 
records that could be relevant, namely those files con- 
tained in the related cluster at the second level which 
contains the reference record and which are not con- 
tained in the first level cluster If this does not satisfy the 
user, the computer will propose the records contained 
in the respective third level cluster and so on. In other 
words, the computer will provide the user with an order 
of the records in which he is most likely to find relevant 
records with least possible effort. Instead of inputting 
keywords, one may also Introduce a reference record 
containing the infomnation to be searched for, e.g. an 
abstract of a new method, into the database as a tem- 
porary record and then establish a cluster structure for 
alt records including this temporary record. The cluster 
at the lowest level containing this temporary record will 
then contain the most relevant records in the original da- 
tabase. 

[0092] A specific example how the invention may be 
put into practice will be given subsequent with reference 
to the drawings. As this is rather illustrative, this example 
is described as related to text files or documents, but it 
can also be applied to other kinds of data sets. 

Fig. 1 shows the essential steps of an algorithm for 
establishing the cluster structure. 

Fig. 2 shows a modified algorithm. 

Fig. 3 shows a graphical display of documents form- 
ing a sample, 

Fig. 4 shows a histogram of the density of distances 
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derived from the sample shown In Fig. 3, 

Fig. 5 showsthesampieof Fig. 3 with lines Indicating 
the distance between documents and lines 
corresponding to a distance greater than the 
first outpoint having been deleted, 

Fig. 6 shows a graphical diagram similar to that of 
Fig. 5 with lines corresponding to distances 
greater than the second outpoint being delet- 
ed, 

Fig. 7 shows a diagram similar to that of Fig. 5 and 6 
with .documents con^esponding to the same 
first level cluster being collapsed Into one sym- 
bol and lines corresponding to distances great- 
er than the second outpoint or less than the first 
outpoint being deleted, 

Fig. 8 shows a diagram similar to that of Fig. 7 with 
lines corresponding to distances greater than 
the third outpoint or less than the second cut- 
point being deleted. 

[0093] It should be noted that the length of the lines 
between the boxes indicating documents in Fig. 5 to 8 
is unrelated to the distance between the corresponding 
documents. 

[0094] In a first step (SI) the documents that are to 
be clustered are selected. These documents may com- 
prise the totality of documents comprised in the data- 
base or only a subset thereof, e.g. a subset of those 
documents which comprise certain keywords. 
[0095] Fig. 3 shows a graphical display of 48 docu- 
ments symbolically represented by numbers 0 to 47. 
These documents are arranged in a manner that the dis- 
tance on the screen corresponds to the distance D be- 
tween documents, e.g. the distance D defined by formu- 
la (1). They appear to be grouped to the naked eye as 
three or four major clusters, each cluster consisting of 
some smaller clusters of two or more documents. 
[0098] In a second step (S2), the mutual distance of 
all documents is established. 

[0097] In the next step (S3 and S4), the density of dis- 
tance values is established. The density of distance val- 
ues is defined as the number of times a certain distance 
value occurs per unit distance interval, i.e. 



where v(D) is the frequency of occurrence of a certain 
distance value among the selected documents. In prac- 
tice one will not use the differential ratio, but a difference 
ratio, i.e. 



Av(D) 
AD 



where Av is the number of pairs of documents with a 
distance in an interval of width AD around 0. 
[0098] In order to accomplish this step one will parti- 
tion the entire range of distance values into bins and 

s define the density for each bin as the number of pairs of 
documents which have a distance falling within the 
range of this bin. Assigning this density to each bin will 
result in a step function or histogram for the density. 
Usually one will choose the distance to be positive with 

10 the value for identical documents being 0 or 1 . 

[0099] The histogram resulting from the distribution of 
documents shown in Fig. 3 is shown in Fig. 4. This his- 
togram uses 50 bins of pairwise distances for the 48 
items being considered. To the eye, there appear to be 

IS three or four major peaks. One can see that there are 
three major regions separated by deep valleys and pos- 
sibly a fourth smaller region at the very right. There are, 
however, a number of higher valleys comprising only to 
two or three bins, where it is not clear whether they are 

^ real valleys or spurious results of the small size of the 
sample. 

[0100] In the next step (S5) polynomials of increasing 
order are fitted to the histogram and the goodness of fit 
is evaluated. For example, in a first step, a second order 

25 polynomial Is fitted as well as possible to this histogram, 
then a fourth order polynomial is fitted, then a sixth order 
polynomial and so on. The best possible fit of each order 
is compared and the degree of the polynomial with the 
best fit is chosen (step SB). In the prefen-ed embodi- 

30 ment, these polynomials are constrained to pass 
through or near the origin. The fit of polynomials of even 
order from second to fourteenth order to the histogram 
derived from the sample of Fig. 3 is shown in Fig. 4. The 
polynomials fitted to the distribution are shown overiaid 

39 to the histogram and labelled by their degree. It turned 
out that a polynomial of degree 1 0 results in the best fit. 
[0101 J In the next step (S7) the minima of the polyno- 
mial with the best fit are detennined. The minimum fol- 
lowing the first maximum will fonn an upper limit for the 

^ first peak in the density of distances, the next minimum, 
if present, an upper limit for the second peak and so on. 
Accordingly, the first minimum will be the lowest limiting 
value or cutpoint defining the first level clusters, the sec- 
ond minimum will fomi the second lowest limiting value 

^5 or cutpoint and defining the second level clusters and 
so on (step S8). The final cutpoint is set to positive in- 
finity or to a large number. The highest order cluster is 
the entirety of data sets or the subset of data sets on 
which the method was applied. One may, however, de- 

so fine the final cutpoint also by setting it to the boundary 
of the highest peak in which case there may be two or 
more clusters at the highest level. 
[0102] The finite outpoints 01 to 04 resulting from the 
best fit with the ploynominai of degree 1 0 are indicated 

55 in Fig. 4 for the histogram shown therein. The final cut- 
point (infinity) is not indicated. The cutpoint 04 was au- 
tomatically discarded, because it included less than 5% 
of the distances and thus could not include a meaningful 
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level of clustering. Contrary to what one would expect 
from an Inspection with the naked eye. the rather high 
valley on the very left of the histogram turned out to be 

significant. 

[01 03] In the next step (S9), the computer will create 
correlation data assigning each file to a cluster at each 
level, e.g. by creating pointers or by entering the files 
into a hierarchical data structure. In the preferred em- 
bodiment, the computer will establish a distance matrix 
with every row and column con^esponding to a file, 
wherein the elements of the matrix are the distances be- 
tween any two files. The computer will then remove any 
entries indicating a distance greater than the respective 
limiting value and then will analyse the matrix whether 
it can be transformed by permutation to a matrix con- 
sisting of diagonal submatrices having at least one non- 
zero element in each row and column. Of course, this 
procedure can also be earned out graphically in that the 
computer analyses the edges between the files repre- 
sented as vertices, removes those edges longer than 
the respective limiting value and assigns the elements 
of connected subgraphs to clusters at the lowest level. 
Alternatively, other assignment criteria may be used in 
step S9, as outlined previously. 
[0104] The graphical approach is shown in Fig. 5. In 
Fig. 5 the documents are indicated by boxes labelled 0 
to 47 and distances between the boxes are indicated by 
lines. Amines corresponding to a distance between doc- 
uments longer than the first outpoint C1 have, been de- 
leted. This is indicated by the two sliders on the left of 
the picture. The left slider (maximum slider) indicates 
that no distances greater than the first outpoint (label 0) 
are shown and the slider on the right (minimum slider) 
indicates that ail distances less than the first cutpoint 
are shown. The symbols for the documents have been 
rearranged for the sal<e of clarity. It should be noted, 
however, that the length of the lines shown in Fig. 5 is 
unrelated to the distance between the documents. 
[0105] One can see that there are eleven clusters with 
three documents, one cluster with six elements and one 
cluster with nine elements. 

[0106] Inthe next step the process is repeated for the 
next higher level cluster In that entries in the original dis- 
tance matrix are cancelled which are greater than the 
second limiting value and connected graphs or respec- 
tive submatrices are looked for Alternatively, one may 
replace the original distance matrix by a matrix, wherein 
each submatirx mentioned in the previous paragraph is 
represented by an element of the new matrix, so that 
each element of the matrix corresponds to a pair of dus- 
ters at the next lower level than the one being consid- 
ered. The elements of this new matrix are given the dis- 
tance of the clusters to be defined, as previously dis- 
cussed. The process is then repeated to find either con- 
nected graphs of clusters or diagonal submatrices of 
clusters. 

[01 07] The same Is repeated for the higher order dus- 
ters. The highest order cluster is the totality of docu- 



ments considered. 

[01 08] The graphical approach for the second level is 
Illustrated in Fig. 6 and 7. Fig. 6 shows the documents, 
again rearranged for better viewing, with lines repre- 
s senting all distances less than the second cutpoint C2 
(maximum slider = 1 , minimum slider = 0). Fig. 7 shows 
a diagram where all lines corresponding to distances 
less than the first cutpoint and greater than the second 
cutpoint. Fig. 7 no longer shows individual documents. 
10 Rather, the boxes represent the clusters shown in Fig. 
5. in Fig. 7 documents that are elements of the cluster 
are indicated in the related box. For the larger clusters, 
it was not possible to indicate all elements. One can see 
from Fig. 6 and 7 that at first sight there appear to be 
^5 three clusters. Referring to Fig. 6, there are. however, 
elements in the cluster on the very left and in the middle 
that have a distance from each other less than the sec- 
ond cutpoint, e.g. document 30 and document 44 or doc- 
ument 43 and document 30. On the other hand, the clus- 
20 ter on the very right is completely isolated from the re- 
maining clusters. Accordingly, the left and the middle 
cluster are combined to one single cluster so that there 
are two clusters at the second level. 
[01 09] Fig. 8 shows a graphical display of clusters de- 
25 rived from the sample of Fig. 3 wherein all lines corre- 
sponding to distances greater than the third cutpoint and 
less than the second cutpoint are deleted. Again, clus- 
ters at the second level have once more been-collapsed 
Into one symbol, since lines con^esponding to distances 
30 less than the second cutpoint have been deleted. One 
can see that there is only one line connecting the two 
clusters, meaning that there is only one cluster at the 
third level. 

[0110] It should be noted that in this example the clus- 
35 ters have been defined in a manner that for any element 
of the duster there is another element having a distance 
less than the relevant cutpoint. This, however, Implies 
that there may be elements in a cluster that have dis- 
tances greater than the relevant cutpoint, for example 
40 documents 25 and 41 in the diagram of Fig. 6. This ex- 
plains why there is a large peak on the right of the third 
cutpoint in Fig. 4, although this peak does not corre- 
spond to a further cluster level. Comparing Fig. 3 and 4 
with the number of cluster levels resulting from the meth- 
45 od according to the invention it is apparent that the ap- 
proach taken according to the present invention, namely 
fitting polynomials (or other suitable functions) to a his- 
togram, is more objective and may lead to results differ- 
ent from those one would expect from a visual inspec- 
50 Hon of the graphical display of elements, as in Fig. 3, or 
a histogram of the density of distances, as in Fig. 4. 
[0111] In an alternative embodiment, when determin- 
ing higher order clusters, one may detemilne the second 
order clusters in the same way as the first order clusters 
55 were detennined. i.e. detemiintng ail files that have a 
distance less than the second cutpoint from a file ran- 
domly picked out. 

[01 12]^ If there Is a large number of files or documents, 
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one may establish the limiting values defining the cluster 
structure only on the basis of a random sample of these 
files, e.g. establish the distances and the density of dis- 
tances only forthis sample, determine limiting values for 
the various clusters from the density thus obtained, as 
explained previously, and then assign all documents, i. 
e. not only the random sample, to clusters at the various 
levels. 

[01 1 3] It should be understood that the method auto- 
matically determines the number of hierarchy levels that 
is best suitable. In some cases it will be sensible to limit 
the maximum number of levels in order to avoid data 
structures that are too complex. In these cases one will 
use only polynomials up to a given order and choose 
that polynomial among these that shows the best fit. 
[01 14] Depending on the approximation by the poly- 
nomial, a zero of the polynomial following a peak may 
be a better approximation to the true boundary of the 
peak in case of sharp peaks. As there can be two zeros 
between two peaks, one has to be careful to pick out the 
one that most closely approximates the actual upper lim- 
it of the peak. On the other hand, if the peak to be ap- 
proximated is rather wide, the first zero following the 
peak might cut off a relevant portion of the peak and 
thus exclude files from a cluster at the respective level 
to which they should reasonably belong. In these cases 
it may be better to chose the minimum or even the sec- 
ond zero as the cutpoint. In other cases there may not 
be any zeros between two maxima of the polynomial. 
These problems can be taken care of by determining 
both the minima and the zeros of the polynomial and to 
check which of these fomris the best approximation to 
the peak of the function that is fitted by the polynomial. 
[01 1 5] The best possible fit of a polynomial to the den- 
sity of distances may depend on the number of bins in- 
volved or, more specifically, on the width of each bin. 
The invention may provide that instead of fitting a poly- 
nomial to a histogram established for a specific bin size, 
the density of distances is established for various bin 
sizes and an ayerage is formed over all these bin sizes. 
This leads to an average step function or histogram to 
which polynomials of various order are fitted, as ex- 
plained previously. This modified algorithm is shown in 
Fig. 2. 

[01 16] A specific algorithm could be as follows. 
[0117] First, a vector of distances vd is defined. The 
vector has a length of 

m = n(n-1)/2. 

where n is the number of files considered for establish- 
ing the cluster structure. This may be the totality of files 
or only a random sample, as set out previously. The vec- 
tor vd comprises the value of distances for each pair of 
files as its element. 

[0118] In the next step, a maximum number of levels, 
maxlevels, is defined as 



maxlevels = min(MAXLEVELS. m/2), 

where MAXLEVELS is the maximum level of numbers 
s defined by the system or by the user. If maxlevels is less 
than 2, there is only one cluster level comprising all files 
considered. 

[0119] In a further step, the maximum numberof bins, 
maxbins, is defined as 

10 

maxbins = min(MAXBINS.(xmax-xmin+dx)/dx), 

where MAXBINS is a number predetermined by the sys- 
is tem or the user, e.g. 100, xmin and xmax are respec- 
tively the smallest and largest distances in the distance 
vector vd and dx is the smallest nonzero difference be- 
tween two distance values in the distance vector vd. 
[0120] For detemnining the outpoints by averaging 
over a plurality of binning strategies, vectors xvals, 
ymeans and ysds, with the size maxbins, and a matrix 
fvals, with the size maxbins x maxbins, are defined, 
maxbins is the number of bins for the binning strategy 
with the smallest bins. To each of the bins according to 
the strategy with maxbins bins a value of the distance 
is assigned which is defined as the center point of each 
bin. The values of xvals are set to be the center point of 
each of the bins for the binning strategy with the smallest 
bins. 

[0121] The matrix fvals is intended to hold the values 
of the density of distances for each binning strategy. 
Each column of this matrix receives the values of the 
density related to an element at xvals for the various 
binning strategies, i.e. to the distance values assigned 
to each bin for the strategy with the smallest bins. For 
strategies with larger bins the density function is consid- 
ered as a step function, i.e. for every element of xvals 
that falls within a certain bin of a binning strategy, the 
same value of the density is entered into the matrix. For 
example, if the first strategy is to use maxbins bins and 
the next strategy is to use maxbins/2 bins, every two 
successive elements of xbins will be given the same val- 
ue of the density in fvals for the second binning strategy. 
[0122] When ail elements of the matrix fvals have be- 
ing given a value, the average is fcrnied over each row 
of fvals and this average Is set to be the value of the 
respective element of the vector ymeans. The respec- 
tive standard deviation is entered into the respective el- 
ement of ysds. 

[0123] The result of this is an averaged density func- 
tion, the values of which are the values of the vector 
ymeans and the respective standard deviation of the 
values are the elements of ysds. Graphically, one may 
represent this as a diagram of measurement points with 
an en-or bar assigned to each point. 
[0124] In the next step, polynomials of increasing de- 
gree 1 are fitted to this function, in the same way as a 
function is fitted to points of experimental measure- 
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ments. Basically, the same fitting techniques may be 
employed. A least square fit may be used, but any other 
fitting method may be employed, as appropriate. For 
each degree of the polynomial, the value y*"] of the pol- 
ynomial of degree 1 corresponding to the element I of 
the vector xvals, is calculated and the error of this pol- 
ynomial is calculated as 



^^^^ = (Zif ' -ymeans^y 



where I is the index of the elements of the vector 
ymeans. 

[0125] Thedegreel ofthe polynomial is limited by the 
value of maxlevels determined previously in that 

1 ^2 maxlevels. 

[0126] it should be noted that, since a polynomial of 
degree 21 has at most 1 peaks, this effectively limits the 
number of peaks and thus of cluster levels to maxlevels. 
[0127] In the next stepthe polynomial with the least 
error err^ is determined, amongst those polynominals 
with degrees 1 < 2 maxlevels. 

. [0128] In the next step the minima of this polynomial 
are determined and set to be the first, second and further 
limiting values or outpoints of the distance. The last cut- 
point is set to be either infinity or the largest value of the 
distance in the vector vd. The number of cluster levels 
corresponds to the number of outpoints thus found. 
[0129] It should be noted that the algorithm automat- 
ically reduces the number of cluster levels to a value 
less than the predetermined number of maximum levels, 
if appropriate. Thus, the clustering structure according 
to the present invention is truly dynamic in that it does 
not provide a static structure with a predetemnined 
number of hierarchy levels, but rather adapts the 
number of levels to the kind of documents found. 
[0130] Having thus established the cutpoints for the 
various cluster levels, each of the documents is as- 
signed to a cluster at each level, as set out previously. 
The corresponding algorithm is straightforward and 
needs no further explanation. 
[01 31 ] Altemative to fitting polynomials of various de- 
gree to the distribution function, one may also search 
the distribution function given by ymeans for its minima 
or the (maxlevels - 1 ) first minima, If the number of mini- 
ma is larger than (maxlevels - 1), and use these values 
as the boundary values to establish the cluster structure. 
One may also combine the two approaches by search- 
ing the minima of the polynomial and then search the 
distribution function ymeans for its closest minimum. 
This is actually the preferred strategy. 
[01 32] It should be understood that the foregoing ex< 



ample is entirely non-restrictive and illustrative and that 
various modifications can be made without leaving the 
scope of the present invention. For example, the func- 
tion with which the density of distances is fitted need not 

5 be a polynomial, but may be another suitable function, 
e.g. a trigonometric function. Especially, one could use 
Fourier analysis. Instead of a polynomial, a rational 
function, e.g. a ratio of two polynomials, may also be 
used, which sometimes has the advantage that peaks 

10 in a function can be better modelled. Rational functions 
or polynomials have the advantage that the number of 
minima and zero's are directly related to the order of the 
function and need not be equally spaced, like in trigo- 
nometric functions, but can be shifted during the fitting 

15 process by adjusting the respective coefficients. Thus, 
they are especially suitable for fitting a density function 
with peaks of varying width. 

[0133] . Especially, the distance measure employed in 
the context of the present invention can be different from 

20 the specific examples set out previously. If, for example, 
data files have already been ordered in a hierarchy 
where all files are elements of the lowest level of said 
hierarchy, the hierarchy being represented by branches 
and nodes connecting the branches, one could define 

25 the distance by the number of nodes one has to pass in 
order to get from one element to the other. For example, 
if two elements are linked by a node at the second lowest 
level, the distance will be one, if they are each linked to 
different nodes at the second lowest leyel, but linked to 

30 the same node at the third lowest level, the distance will 
be three and if one is directly linked to the node at the 
third lowest level, whereas the other one Is linked to this 
third level node through a second level node, the dis- 
tance will be two. One may as well define trees, e.g. an 

35 UPGMA tree, where the branch lengths may differ in a 
manner such that the sum ofthe branch lengths is equal 
to the total distance between items in an original dis- 
tance matrix, i.e. where rows and columns correspond 
to individual items to be clustered and the elements of 

40 the matrix indicating the distance between these two 
items. In this case, the distance of two points is the sum 
of the branch lengths of the shortest connection be- 
tween these two points! 

[01 34] The features of the present invention disclosed 
45 in the foregoing specification and the claims can be ma- 
terial for the realization of the invention in its various em- 
bodiments both separately and in ariaitrary combination 
thereof. 

so 

Claims 

1 . Method of automatically ordering a plurality of sets 
of electronic data by means of a data processing 
55 unit, comprising the following steps to be performed 
by said data processing unit: 

at least for a selected group of data sets, deter- 
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mining the distance D between any two data 
sets, said distance being defined as a function 
of a pair of two data sets, rendering a numerical 
value, said function having a first value Dg de- 
fined for the case of a pair of Identical data sets, s 
the difference of the distance D of any pair to 
said value Dq being defined to be either greater 
than or equal zero for all pairs, O-Dq > 0, or less 
than or equal zero for all pairs, D-Dq < 0, 
detemnining the density of distance values over to 
the range of detennlned distance values, 
detenmining one or more limiting values, at 
least some of the limiting values defining an up- 
per boundary of a peak In said density of dis- 
tance values, respectively, If said difference is is 
defined to be D-Dq> 0 for all pairs, and at least 
some of the limiting values defining a lower 
boundary of a peak, respectively, If said differ- 
ence Is defined to be D-Oq < 0. said limiting val- 
ues fomnlng an increasing series In case of a 20 
plurality of limiting values, 
creating correlation data correlating each data 
set to a cluster In a hierarchy of clusters, the 
number of cluster levels In said hierarchy cor- 
responding to the number of limiting values, 25 
wherein, 

if said difference is defined to be D-Dq ^ 0 for all 
pairs, 

30 

the data sets contained in each first level clus- 
ter In said hierarchy are related to one another 
in that for each data set the minimum painwise 
distance to other data sets in said cluster Is less 
than the lowest limiting value, 35 
each higher order cluster In said hierarchy com- 
prises data sets of a group of one or more clus- 
ters of lower levels, wherein, if said group com- 
prises more than one cluster, each cluster in 
this group forms a pair with another cluster in ^ 
this group for which pair there Is at least one 
data set of one cluster of said pair having a dis- 
tance from a data set of the other cluster of said 
pair which Is less than that limiting value that is 
the next higher one in said Increasing series of ^ 
limiting values to that limiting value defining 
clusters at the next lower level, 

and, If said difference is defined to be D-Dq < 0 for 
all pairs, so 

- the data sets contained in each first level dus- 
ter in said hierarchy are related to one another 
in that for each data set the maximum painwise 
distance to other data sets in said cluster Is S5 
greater than the highest limiting value, 
each higher order cluster in said hierarchy com- 
prises data sets of a group of one or more dus- 



ters of lower levels, wherein, if said group com- 
prises more than one cluster, each cluster in 
this group fonms a pair with another cluster in 
this group for which pair there is at least one 
data set of one cluster of said pair having a dis- 
tance from a data set of the other cluster of said 
pair, which is greater than that limiting value 
that is the next lower one in said Increasing se- 
ries of limiting values to that limiting value de- 
fining clusters at the next lower level. 

2. Method according to claim 1 , characterised In that 
it comprises the step of creating data correlating 
each data set to a cluster in a hierarchy of clusters, 
the number of cluster levelsjn said hierarchy corre- 
sponding to the number of limiting values, 
wherein, if said difference is defined to be D-Dq ^ 0 
for alt pairs, 

each first level cluster in said hierarchy com- 
prises at least one data set to which all other 
data sets of said cluster have a distance less 
than the lowest limiting value, 
each second level cluster in said hierarchy 
comprises at least one data set to which all oth- 
er data sets of said cluster have a distance less 
than the second lowest limiting value, 
each higherorderclusterln said hierarchy com- 
prises at least one data set to which all other 
data sets of said cluster have a distance which 
is less than that limiting value that is the next 
higher one in said increasing series of limiting 
values to that limiting value defining clusters at 
the next lower level. 

and. if said difference 0-Dq ^ 0 for all pairs, 

- ■ each first level cluster in said hierarchy com- 

prises at least one data set to which all other 
data sets of said cluster have a distance greater 
than the highest limiting value, 
each second level cluster in said hierarchy 
comprises at least one data set to which ail oth- 
er data sets of said cluster have a distance 
greater than the second highest limiting value, 

- each higher order cluster in said hierarchy com- 
prises at least one data set to which all other 
data sets of said cluster have a distance which 
is greater than that limiting value that is the next 
lower one in said increasing series of limiting 
values to that limiting value defining clusters at 
the next lower level. 

3. Method according to claim 1 or 2, characterized In 
that said data correlating the data sets to clusters 
comprise: 

data correlating each data set to one or more 



15 



29 



EP1 170 674 A2 



30 



first level clusters, 

data correlating each cluster at a level less than 
the highest level to a cluster or a plurality of 
clusters at a higher level. 

4. Method according to one of claims 1 to 3, charac- 
terized by the step of controlling a display device 
on the basis of said correlation data to create. a 
graphic symbolic display of clusters at one or more 
levels. 

5. Method according to one of claims 1 to 4, charac- 
terized by the step of creating a directory structure 
on the basis of said correlation data, each cluster 
corresponding to a directory and each cluster level 
to a directory level. 

6. Method according to one of claims 1 to 5, charac- 
terized by the step of creating a database from said 
data sets and said correlation data, the data model 
of said data base being defined by said hierarchy 
of clusters. 

7. Method according to claim 6, characterized in that 
the database is a relational data base, wherein the 
keys are defined by cluster names and the values 
are defined by the name of the parent cluster 

8. Method according to claim 6, characterized in that 
the database Is an object oriented data base, 
wherein the keys are defined by cluster names and 
the values are defined by the name of the parent 
directory. 

9. Method according to one of claims 1 to 8, charac- 
terized in that a group of data sets comprising one 
or more predetemnined data elements is selected 
and said limiting values are determined on the basis 
of said selected group of data sets. 

10. Method according to one of claims 1 to 9, charac- 
terized In that the total range of distance values is 
completely partitioned into a sequence of distance 
intervals and said density of distance values is de- 
termined as the number or nomnalized number of 
distance values in each distance interval. 

11. Method according to claim' 10, characterized in 
that a plurality of partition! ngs of said total range of 
distances with increasing interval size is estab- 
lished and said density is established for each of 
said partitionings, and that preliminary limiting val- 
ues are detennlned for each partitioning and opti- 
mized limiting values are obtained by averaging or 
fitting said preliminary limiting values, wherein said 
correlation data are established on the basis of said 
optimized limiting values. 



1 2. Method according to claim 1 0 or 11 . characterized 
in that a distribution of distance density values is 
established from said partitioning and said limiting 
values are determined from said distribution. 

5 

13. Method according to one of claims 1 to 12, charac- 
terized in that one or more limiting values are de- 
termined as a minimum or zero point of the density 
adjacent to a maximum of said density. 

10 

14. Method according to claim 1 to 13. characterized 
in that a cun^e is fitted to density values and one or 
more limiting values are detemiined as the point of 
a minimum or zero adjacent to a maximum of said 

^5 curve. 

15. Method according to claim 14, characterized in 
that said curve is fitted to a distribution of density 
values. 

20 

16. Method according to one of claims 14 or 15, char- 
acterized in that said curve Is a polynomial or a 
trigonometric function or a function of trigonometric 
functions. 

25 

17. Method according to one of claims 1 to 16, charac- 
terized in that said data sets comprise text data 
and said distance is a function of the number of 
common words of two data sets. 

30 

18. Method according to one of claims 1 to 1 6, charac- 
terized In that said data sets comprise genetic in- 
formation and said distance is a function of the 
number of identical data elements succeeding one 

35 another In two partial sequences in said data sets. 

19. Method according to one of claims 1 to 1 8, charac- 
terized in that the step of creating congelation data 
comprises 

40 

establishing a distance matrix for all data sets, 
• assigning data sets to a first level cluster that 
are linked by matrix elements having a value 
less than the lowest limiting value for D ^ Dq or 
45 greater than the highest limiting value for D £ 

Do- 

20. Method according to one of claims 1 to 19, charac- 
terized in that the data sets are displayed graphi- 

so cally as vertices connected to every other vertex by 
edges, the length of each edge con-esponding to the 
distance between two data sets, that edges having 
a length less than that corresponding to the lowest 
limiting value are removed and data sets represent- 

55 ed by a connected remaining subgraph are as- 
signed to the same cluster at the lowest level. 

21. Database obtainable by a method of one of claims 
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1 to 20. 

22. Computer program adapted to perform all steps of 
a method according to claim 1 or any daim depend- 
ent thereon. s 

23. Computer program according to claim 22 embodied 
In a computer readable medium. 

24. Apparatus for automatically ordering a plurality of io 
sets of electronic data according to their similarities, 
comprising data processing means perf omning the 
steps of a method according to one of claims 1 to 20. 

25. Apparatus according to claim 24, characterized in 
that it comprises a display device and said data 
processing means controls said display device ac- 
cording to a method according to claim 4. 

26. Apparatus according to one of claims 24 or 25, ^ 
characterized In that it comprises data storage 
means for storing said data sets in a directory struc- 
ture, said directory structure being obtainable ac- 
cording to a method according to claim 5. 

25 

27. Method of operating an apparatus for searching 
and/or ordering data sets, said apparatus contain- 
ing or being capable of obtaining conrelatlon data 
obtainable according to one of claims 1 to 20, char- 
acterized by the following steps: 30 

inputting data elements, 
selecting data sets comprising these data ele- 
ments. 

selecting a cluster at the lowest level in a hier- 3s 
archy of the selected data sets defined by said 
correlation, data, 

whereupon said apparatus outputs data related to - 
the elements of said selected cluster ^ 

28. Method according to claim 27, characterized in 
that the apparatus, having outputted data related 
to the elements of said selected cluster outputs data 
related to the elements of the next higher order dus- ^ 
ter comprising said selected cluster and not con- 
tained in said selected cluster. 

29. Method according to one of claims 27 or 28, char- 
acterized in that said apparatus proceeds with out- so 
putting data related to elements of at least one high- 
er order cluster only upon a related input by a user. 
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